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DESCRIPTION OF SCS METHOD OF RUNOFF
DETERMINATInM IS PROrVRAMED IN STORM

5
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Introduction

The purpose of this write-un is to provide documentation of the way STOPM comnutes

the 9!aqntity of runoff using what is referred to as the "SCS Method." The current

STORM Users Manual (Auqust 1977) does not describe this option of runoff detemin-

ation in sufficient detail.

Acknowledgment: Portions of Art Pabst's STORM lecture notes, nrenared for the

1978 Urban Hydrolony traininn course, will be used to illustrate some definitions

and concepts.

SCS Method

STORM contains a runoff procedure derived from the srs Curve Number technique but

modified to operate continuously at STORM's fixed 1-hour time interval. Curve

numbers are not used in STORM; the SCS runoff eouation is

- TA

where

9 accumulated runoff

P = accumulated precipitation

IA = initial ahstraction

S = soil moisture capacity

This equation is oraphed in Finure I for various values nf S anA assuminn TA 1.2'.
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IA represents all initial losses (interception, depression storane) that occur

prior to the time when runoff heqins. Finure 2 illustrates the concentual stor-

aqes, IA and S.
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Figure 2

Conceptual Storages

The oriqinal SCS Curve Number technique was intended to compute total storm run-

off volume. When the procedure was proqrammed in STORM the assumntion was made

that the SCS runoff equation could also be used to represent cumulative runoff

durinq a storm event. _
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Inut Parajeters

The user must specify values for the followino narameters.

Card-Field Variable Iesiion

E5-2 T)EPR Maximum initial abstraction capacity (IA)

E5-3 ACTIA Startinn value of IA

E5-5 SMAX Maxlmum soil moisture canacity (5)

E5-4 SACT Startinn value of S

FE5-6 RATEIM Maximum oercolation rate

ES-7 PERCOX Maximum deep nercolation rate

E4-6 EPRC Exnonent in deen percolation equation

E4-5 EERC Exnonent in evapotranspiration equatlon

Runoff Calculation fnurinM a Storm Event

Once precipitatlon benins, the current values of IA and S (call them IA* and S*)

are fixed and used in equation (1) throuqhout the storm event to compute cumula-

tive runoff. For example, the cumulative runoff at the end of the prevlous hour

would be
(Pt-l - IA* )

t-I = Pt-----IA- + S*
t-l

anI at the end of the current hour (P I1*)?

(P t

The incremental rmnoff for the current hour, AOt , would then he computed as

At -- t "nt-l
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Meanwhile a separate accountinn of the actual channinn values of IA and cnn-

tinues to take place (as described in the next section) hut is not used in the

current storm. When precipitation stops, the uodated IA and S becnm startinn

conditions for the recovery functions which operate durinn dry periods.

Moisture Accountino Durlng a Storm Event

Let APt be the amount of precipitation (rainfall or snowmelt) occurrinn in hour

t and AQt be the amount of runoff for the same time interval. (Ant would he

computed as described in the previous section.) nurina a storm the followinn

moisture accountinn takes place:

- IA is decreased by APt , 0 -" IA .c IA m ax

- S is decreased by [APt- 0 t  IA*] I and

S mafl x 
,II 0 ~S <. Smincreased by PERCMX mamax

Available initial abstraction storage (IA) is decreased bv the amunt of preip-

itation until there is no IA storaqe left. Soil moisture capacitv (S) is de-

creased by infiltration; i.e., the difference between precinitation and tho sum

of runoff (AQt) plus initial abstraction storaqe at the start of the storm (!A*).

Simultaneously, S is being increased by deep nercolation at the maximum rate

(PERCMX) adjusted by a ratio ((Smax - St-l)/ max ) that rmflects cujrrpnt status

(wet or dry) of snil moisture. An exponent (EPR) is availahlp to r'flect non-

linearity in the deep percolation equation.

Fioure 3 illustrates the channe in IA and S durinn a storm. Fiourp 4 shows the

variation in deep percolation adjustment ratio with selectpd intener exnnnents

(FPRC).
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-=S nf iltrotion + deep percolation neeti,

dnerepion,

Deep Percolation

Figure 3

Moisture Accounting During Precipitation
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Figure 4

Deep Percolation Equation



Soil Moisture Accountinq Ourinq Dry Periods

Initial abstraction storaae recovers durinq dry neriods throuqh evapotranspira-

tion to the atmosphere and percolation to the soil moisture zone. Evapotrans-

piration is removed at the potential rate (PET). Averaoe daily values of pan

evaporation (provided by the user as inout) are considered equivalent to PET.

Percolation of water from IA to S occurs at the maximum rate (RATEIN) modified

by the relative amount of moisture present in the soil. The percolation equation

is graphed in Finure 5.

PERCOLATION= [L s RATEIN

1.0

ma

0 Smox
(Wet) st -1 (Dry)

Figure 5

Percolation Equation
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Chanqe in soil moisture capacity (S) durinn dry periods is the restlt of (1)

percolation from 14, (?) deep percolation, and (1) evanotranspiration. Percola-

tion, as described above, adds water to soil rmoisture storane and thuis docreases

S. The deen percolation function is the same as was previojslv described for the

rater balance durina a storm event. The evapotranspiration (ET) Function is

similar to the deep percolation function; both contain the relative soil moisture

ratio raised to an exponent (Finure 4), but the ET formula has an additional con-

stant tern (0.7).

L( S - )
ET : (01.7) * s a E

Soil moisture accountinn for IA and S dirinq dry periods is illustrated in Figure

IA IAt_ 1 + Percolation + PET
ET PET

St= S t - Percolation + ET+ Deep Percolation

PT =AFJA Percolation

Deep Percolation

Figure 6

Moisture Accounting During Dry Periods
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SCS Triangular Unit Hydrograph

Runoff transformation (from rainfall excess to subbasin runoff hydrograph)

can be modeled by STORM using the SCS triangular unit hydrograph.

_ qp a peak flow

.Tp = time to peak

Tr a time of recession

Tb = time of base = Tp+Tr

0 a total volume

LTp j_ Tv
T r Tb T

TIME (hr)

Peak Flow Rate Equation

q T-- T q

a + = qp (Tnlhr)
T (TT+

let ten p -q2pT r p r
, " T (Ii+Tn/

Tp (hr)

or qp 1.00833 Tp-  qp (cfs)p A (acres)
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Unit IHy _or ap h_ Parameters

Ratio of time of recession to time to peak (T r/T ) and subbasin time of

concentration (Tc ) are the two unit hydrograph parameters that must be

provided by the user to STORM.

Time of concentration (T c ) is defined as the time it takes runoff to travel

from the hydraulically most distant part of the watershed to the point of

reference. Lag (L) is the time from the center of mass of rainfall excess

to the peak rate of runoff. Tc and L are related by an empirical equation.

L = 0.6 TC

Time to ~peak (Tp) and lag (L) are related by their respective definitions.
p

Tp = 1/2 At + L

where At = time interval of unit excess rainfall (always 1 hour in STORM).

Substituting, this expression becomes

Tp = 0.5 + 0.6 Tc

By specifying T (which defines T p) and the ratio T r/T (which determines

K), and knowing the subbasin area (A) and unit hydrograph volume (Q = I inch),

the peak discharge and shape of the unit hydrograph is set.

in

L



Although the parameters define a triangular unit hydrograph, STORM, working

with a fixed 1-hour time period, computes the volume under the unit hydro-

graph in each time interval and does not deal with the actual ordinates of

the unit graph. The sequence of 1 hour unit hydrograph volumes is then

applied to the rainfall excess to determine the runoff volume hydrograph.

An example is given below to demonstrate the unit hydrograph computations.

Example

Input to STORM: T = 20 min (0.33 hrs)

Tr/T p = 2.43

Tp = 0.5 + 0.6 Tc = 0.70 hrs

Tr = (2.43)(0.70) = 1.68 hrs

Tb = Tp + T = 2.38 hrs

qp = 1 TrK =  -0.59
T p IK YTr/T p

Q = 1 in

q= (0.59)(1) 08 nh
q 0.70) =0.84 in/hr

L 11



Unit Hydrograh

q =0.84

=I

'J

Z IVolume Under Unit Graph

Hour Volume

1 0.52
0 TP.7 £ 2 32 0.44

TIME (hrs) 3 0"'44

1.00 inches

Computed Runoff Hydrograph

0

RAINFALL
", .5 EXCESS

i- .0

RUNOFF

,75 - HYDROGRAPH

.5o Hr. Runoff Volume

' 1 (.5)(.52) - .26
• 25

2 (.5)(.44)+(l.0)(.52) - .74

0 3 (.5)(.04)+(l.0)(.44) = .46
0 1 2 3 4 4 (1.0)(.04) = .04

TIME (hrs) 1.50in
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If instead of using volumes under the unit hydroaranh in 1-hour intervals, STOR1I

were able to compute (which it cannot) ordinates of the unit graph and apply

them to the excess rainfall, the runoff hydroqraph would be as shown below.

0
T •RAINFALL

.5 EXCESS

- " t.0

tA qp i" .01
Runoff hydrograph computed using ordinates

.7 = ." \of unit graph

.75 qp0.741 #Runoff hydrograph computed using volumes

.50 under unit graph

.E .25 /

0 4

TIME (hrs)

The difference in peaks between the ordinate derived and volume derived runoff

hydronraphs, 1.01 in/hr vs. 0.74 in/hr, demonstrates the reduction in Peak dis-

charne that can be expected from the way STORM applies the SCS trianaular unit

hvdronraph.
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